Urban solid waste management is a complex issue and an integrated concept in the developing world. In this study, we proposed a model for handling solid waste generation, collection, separation, and reduction. The model would help to manage municipal waste using a spatial geodatabase for waste disposal site selection and the location of suitable composting sites. The selection of composting sites for the conversion of organic waste to compost can reduce the volume of wastes and enhance urban agriculture. In this research, several factors in waste generation, including primary waste-generating site selection, road networks, municipal waste sites in sensitive locations, reasons for illegal waste dumping sites, and waste segregation were included. The interrelationships between these factors and manual waste handling, unsuitable techniques, limited manpower, logistics, and landfill scarcity conditions were investigated. Multi-criteria analysis was applied for the identification of suitable waste sites and selection of suitable composting sites for the promotion of urban agriculture. Thus, the research suggested a participatory approach for the reduction of domestic waste by source-separation and waste-conversion techniques. To map and visualize variation, Geographic Information System (GIS) was used to show the waste collection scenario, including sensitive locations, simultaneously dealt with several factors that were considered in the planning of waste management in a part of Dhaka City. A suitable composting site must follow environmental safety criteria in isolating waste and converting organic waste to compost with no risk to the environment. On the basis of exclusionary criteria, decision factors, and standardization and weighting of factors, a final suitability map was produced and potential locations for composting were identified. One of the notable outcomes of this research work was investigation of the most suitable site for composting, so as to introduce and promote urban agriculture.
Introduction
Bangladesh is the ninth most populous country in the world. According to the United Nations Bank urban population growth in Bangladesh was at 3% from 2010-2015 1) , with this population growth, there is an increasing problem of waste management, particularly in the larger cities. Solid waste in cities is a natural outcome of human activities. In most cities and municipalities in developing countries, solid waste is a major concern of the government because of the health hazards associated with its improper disposal 2) . The management of municipal solid waste is a substantial challenge for developing countries, particularly in larger urban areas 3) . Rapid and unplanned urbanization leaves municipalities largely overwhelmed when it comes to the collection and disposal of increasing amounts of waste 4) . Urban Solid Waste Management (USWM) is an urgent and challenging issue for Dhaka, one of the most populated cities in the world. The city corporation is the former selfgoverning corporation that is associated with the task of running the affairs of the city. Because of overpopulation and management aspects, the Dhaka City Corporation is divided into northern and southern regions. The north and south city corporations handle large amounts of solid wastes every day. Dhaka city generated 1,950 t/d of domestic waste from a population of 5.728 million, at an average rate of 0.34 kg/ (person d) 5) . The total solid waste amount from business sources is estimated at 1,050 t /d and the street waste at 200 t /d. The annual rate of increase in solid waste has been estimated to an average of 1.2 %, which was found lower than the urbanization rate of approximately 4 % and GDP growth of Bangladesh of about 6 % 6) .
At present an estimated 7,000 t of municipal solid waste (MSW) is generated daily in Dhaka City, of which only 1200-1500 t are disposed of in landfills and the rest is left unattended or dumped locally 7) . The city corporation states that the collection system cannot cope with the task of handling the large volume of waste produced by the growing number of city dwellers; only 40-50 % of the solid waste produced is being collected 8 . Energy production from waste biomass and urban agriculture must be .
Cropping areas in the flood-prone areas of Bangladesh were assessed using GIS 19) . An assessment of energy status was performed to evaluate an alternative farming system for Bangladesh 20)
. A GIS-based combined approach was applied to resource management for sustainable development 21) .
In waste management, waste collection efficiency by the application of GIS to USWM in a part of Dhaka city was recently investigated 22) . However, the study conducted only one survey by questionnaire and collected the global positioning system (GPS) coordinates of existing waste bins, containers, and illegal disposal sites using a GPS device.
The study was limited to the existing situation and did not consider reallocating or proposing the required numbers of waste collection bins.
Although there has been some research on USWM, the assessment of the suitability of composting site locations and reallocation of waste sites has yet to be performed for Dhaka city using GIS. Accordingly, the objectives of this study were as follows: waste management system. A Detailed Area Plan (DAP) of RAJUK was used for the research.
Waste generation sites
This study was performed to develop waste management, including waste reduction and collection techniques, with geographical positions. The area where these waste sites located is indicated as DNCC large waste sites, DNCC small waste sites, and illegal waste sites as shown in Fig. 2 . A total of 81 waste sites were identified, with 6 % found to be DNCC large waste sites, 13 % DNCC small waste sites, and 81 % illegal waste sites created because of the inadequate provision of bins and access to waste collection bins as shown in Fig. 3 to waste sensitivity scores of 7-9, were identified, and with high scores corresponding to high-sensitivity waste sites were suggested for relocation. The score is shown in Table 1 .
Data integration in GIS module
This study analyzed the current waste management situation in the area. A conceptual framework and research diagram using GIS is proposed as shown in Fig. 4 Residential Area 3 1,000-2,000
No sensitive site 1
Spatial Multi-criteria Evaluation (SMCE)
Multi-criteria analysis is a sequence of processes in which several decisions are made for problem recognition, and recommendations are generated 23) . In the evaluation process of SMCE data acquisition, storage, retrieval, and management functions were performed on the basis of the GIS database and converted to the real-world situation.
The design phase involves developing and analyzing possible solutions to the problems identified in the searching phase as shown in Fig. 5 . The site selection process was performed on the basis of the design phase and choice phase after obtaining the decisions of criteria and factors at the evaluation phase. SMCE was applied to identify potential areas on the basis of their socioeconomic characteristics to make final recommendations for the best composting sites in the study area for reducing the waste load.
The evaluation criteria characteristics reflect the impact of a site on several spatial (and sometimes nonspatial) aspects. These criteria can be assessed only for a potential site. The factors, criteria are listed in Fig. 5 . In the choice phase of the site selection process, the suitability of each site identified as a potential site was assessed by multi criteria evaluation (MCE) analysis. In the study, vacant lands were identified for land suitability analysis. Among the sites, MCE analysis was performed considering factors of land ownership (public or private land), land type (wet or plain land), and environmental consideration based on land location, such as whether the vacant sites were within the locality or detached from the locality. These factors were scored by study criteria including waste collection conditions, road network, and sensitivity of waste site locations to these constraints or to obstacles such as poor PCSP service, unpleasant odors, and plain water source. were combined by application of a weight to each followed by summation of results to yield a suitability map. The weighted evaluation can be expressed as follows:
where, S is suitability, w are weights of the factors, and
x are criterion scores of the factors. The procedure was modified by multiplication by the suitability calculated from the factors and the constraints. The modified suitability can be expressed as follows:
where, i is the factor, p is the total number of factors, fi is the resultant summation between the weight of the factor and the type of the attribute for that factor and wi is the summation among the weight of the criteria. j is the constraint and q is the total number of constraints. rj is the product between the constraints and type of attribute for those constraints. While selecting the suitable composting sites, the vacant lands were evaluated with the presence of constraints and their attributes (1, 1) without (2 and 0).
Reallocation of waste bins
This analysis was implemented with spatial analysis functions on the basis of population density, waste collection equipment, waste container capacity, and daily stored waste amounts. The total number of required bins was calculated to cover the waste production of the sector. We considered the collection efficiency for all data sources to be approximately 50 %, apparently a theoretical assumption.
The number of required bins (N) was calculated from the following expression:
where, WD (t) is the daily waste quantity including the waste deposited outside of the bin, V (m 3 /bin) is the bin capacity, ε is the coefficient of filling bin relates to waste density (0.80), ρ is the waste density and considered from 0.35 to 0.80 t/m 3 . In this study ρ was assumed as 0.56 t/m 3 6) 24)
. 
Reallocation of bins
During the survey, we noted only 5 waste sites that were marked by the DNCC. All bins were found to be filled with waste exceeding the bin's capacity. It was observed that the study area needed more bins and more waste collecting sites. 
Existing waste collection coverage
A total of 81 waste generation sites were identified,
together generating approximately 70-75 t-waste/d as shown in Fig. 6 . The survey from this study found that 35 % of areas waste remained fully uncollected. In contrast, doorto-door waste collection service by PCSP worked efficiently and 28 % of the area was found clean with 100 % turned out of waste. Other areas did not have door-to-door service, and we classified these areas as "around 50 % waste uncollected", which occupied 37 % of the survey area. The PCSP could not access these areas because of poor road networks and slums. Fig. 7 shows the area wise road network of waste sites. Among the 81 waste generation sites, 31 % were located where the road network was very poor for waste collection, even vans could not enter for waste collection.
Road Network of Existing Waste Sites
But 30 % waste generation sites were located on fair road networks and 39 % were located on very good road networks. Most of the illegal waste sites were located in poverty-stricken, congested, and unsuitable places. DNCC vehicle access for waste collection was not possible at these sites.
3.4 Highly sensitive and less-sensitive waste site locations Fig. 8 shows the identified high-sensitivity waste sites. Proximity analysis was performed with 30 m buffering, and 14 waste generation sites were found to be located in close proximity to sensitive buildings. These sites were considered high-sensitivity waste sites and suggested for relocation. The high-sensitivity waste sites were located near educational institutions, hospitals, or shopping malls, or in industrial, and high-traffic areas. At the same time,
another analysis was performed to identify low-sensitivity waste sites for the relocation of high sensitive sites. To identify low-sensitivity waste sites, analysis was performed, and relocation sites were identified to which high-sensitivity waste sites could be relocated as shown in Fig. 9 . A 30 m buffer was established for all waste sites for choosing the best suitable waste collecting sites. A total of 19 sites were identified as low-sensitivity waste sites. Environmentally lower-sensitivity and convenience proximity distance can be given priority for continuing the waste collection of door-to- Monitoring and Assessment, 135(1-3), 3-11 (2007) 
